In short-term cultures of BALB/c spleen cells, treatment with a combination of 5-bromo-2'-deoxyuridine (BrdU) and either lipopolysaccharide W. Escherichia coli or concanavalin A resulted in release of C-type virus into the medium. Only lipopolysaccharide induced virus release when given alone. This could be potentiated by a combined treatment with BrdU.
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In contrast, phytohemagglutinin at mitogenic concentration had no effect with or without BrdU, suggesting that inducibility may vary between various mitogenresponsive spleen cell populations.
In AKR mice, spontaneous virus release was detectable in nonstimulated spleen cell cultures. This could be potentiated by lipopolysaccharide, whereas no further increase occurred upon additional BrdU treatment.
The induced viruses had C-type characteristics in that they contained reverse transcriptase that could be distinguished from cellular enzymes by template-primer preference experiments. Furthermore, the enzyme activities were particle-associated, banding in isopycnic sucrose gradients at 1.15-1.17g/cm'. The presence of C-type viruses was confirmed by electron microscopy.
C-type viruses induce tumors predominantly in cells of the lympho-reticular system (1) . However, most of the available methods for in vitro induction of endogenous viruses have been developed for fibroblasts (2) (3) (4) (5) . The most efficient induction occurs with bromodeoxyuridine (BrdU) (4, 5) , whereby the rapidly dividing fibroblasts incorporate this thymidine analogue into DNA (6), thus presumably altering the binding of regulatory protein to DNA (7) and resulting in the induction of endogenous C-type virus. In lymphoid cells, virus induction has been reported to occur in the graft-versus-host reaction (8) or in its in vitro correlate, the mixed lymphocyte reaction (8) . Recently, it was shown that induction of viral antigens, but not of full infective particles, occurs upon in vitro cultivation of murine lymphoid cells (9) .
In attempting to develop efficient in vitro methods for virus induction in lymphoid cells, we examined the combined effect of mitogens and BrdU. The rationale was to induce DNA § 
MATERIALS AND METHODS
Spleen Cell Cultures were prepared from 6-to 8-week old male BALB/c mice (Bomholdgard, Denmark) under aseptic conditions as described (10) . One-milliliter cultures contained 2 X 106 viable nucleated spleen cells in loosely capped disposable 12 X 75-mm tubes (Falcon). Incubation was at 370 and 8% CO2 in air. Culture medium RPMI 1640 (Microbiological Assoc.) containing 8% fetal bovine serum (Rehatuin, Reheis), penicillin (50 IU/ml, Hoechst), and streptomycin (50 jig/ml, Novo) was changed every 24 hr.
The removed medium was centrifuged at 1000 X g for 10 min and kept at -20°until used. One-milliliter samples were thawed at 30°, centrifuged at 35,000 X g for 60 min at 40, and resuspended in 1/10-1/50 of the original volume in buffer, pH 7.9, containing 10 mM Tris*HCl, 20 mM KCI, 1 mM EDTA, 1 mM dithiothreitol, and 50% (v/v) glycerol. During the first 24 hr, cultures contained 16 jug of LPS W. from Escherichia coli 0111:1B4 (Difco), or 4 jug of Con A (Calbiochem) or 10 jug of PHA (Difco) or no mitogen. During the second 24 hr, some cultures contained 5 jug of BrdU. In preliminary experiments the indicated initogen concentrations were found to induce maximum DNA synthesis. We observed no differences in the total number of viable cells between the various groups.
['H]Thymidine Incorporation. DNA synthesis in the cultured cells was determined by measuring acid-precipitable [ 'H]thymidine incorporation, following published procedures (10) .
RNA-Dependent DNA Polymerase (Reverse Transcriptase) Assay (11) . The 100-Iul reaction mixture contained 10-50 jul of sample; 40 m-M Tris-HCl, pH 7.9; 60 miMi KCl; 1 mM ¶ We use the term virus although the infectivity of these particles
has not yet been shown. (Fig. 1, upper panels) . In parallel cultures DNA synthesis was monitored by determining the intracellular incorporation of ['H]thymidine (Fig. 1, lower (12) , elevated enzyme activity was found in the absence of BrdU in LPS-stimulated cultures (Fig. 2,  upper panel) . Activity was first detected on day 2 and was maximum on day 3 . As in BALB/c, LPS had the lowest mitogenic activity (Fig. 2, lower panel) .
Since the induced enzyme activities present in 1-ml cultures were low, the findings had to be corroborated by studying the kinetics of the enzyme reaction in more concentrated samples (Fig. 3) . With BALB/c cells, as expected, most activity was detected in samples originating from LPS/BrdU-and Con A/BrdU-treated cultures (Fig. 3, middle) , while the kinetics revealed that samples originating from cultures treated with LPS alone contained activity too. Con A and PHA alone showed control values (Fig. 3, left) . The small increase with time observed with the samples from BALB/c cultures treated with BrdU alone (Fig. 3, middle) , may indicate that this drug was inductive by itself. However, the activity was too small to be analyzed further. PHA, with and without BrdU, did not increase the activity over control values. Some cellular DNA polymerases and related enzymes, such as terminal nucleotidyl transferase (13) , have been reported to have some dTMP polymerization activity when incubated with An * dT12_18. They can be distinguished from viral reverse transcriptase by template-primer preference experiments (14) (15) (16) . We therefore compared the activities of the induced enzymes to activities present in a homogenate from nonstimulated BALB/c spleen cells (Table 1) . Rauscher leukemia virus (RLV) was included as a positive control. The induced enzymes, just as RLV reverse transcriptase, preferred AndT12_18 over dAn-dT12-18 and had very little activity with dT12-18. In contrast, cellular enzymes preferred dAn. dT12_8
and had considerable activity when tested with dT12-18.
Ultrastructure of Induced Spleen Cell Cultures. Among spleen cells cultured for 3 days and which had released reverse transcriptase activity in parallel cultures, typical free as well as budding C-type virus particles were observed. They were most numerous in LPS-stimulated AKR cultures (Fig. 5a) , as well as in nonstimulated AKR cultures (Fig. 5b) . Amongst BALB/c cultures treated -with LPS/BrdU (Fig. 5c ), Con A/BrdU (Fig. 5d) , and LPS (Fig. 5e ) the frequency of free and budding particles appeared to be decreasing in that order. DISCUSSION We describe here a simple method for the induction of endogenous C-type virus in spleen cell cultures. The viruses show C-type characteristics by electron microscopy. They are released from the cells into the supernatant, have a density of 1.15-1.17 g/cm3 (Fig. 4) , and contain the enzyme reverse transcriptase. This viral enzyme was clearly distinguished from cellular enzymes present in spleen cell homogenates by template-primer preference experiments (Table 1) .
Our initial suggestion, namely that a mitogen in combination with BrdU, but not alone, might induce virus release was confirmed with Con A. Surprisingly, however, LPS by itself also induced virus release which could still be potentiated about 5-fold by combination with BrdU. In contrast, PHA, while stimulating more DNA synthesis than LPS, never induced virus with or without BrdU. This did not seem to be due to inhibition of virus release brought about by PHAmediated cell agglutination, since PHA did not reduce the activity induced by LPS when the two were added in combination (unpublished results). It, therefore, seems that those cells responsive to the PHA mitogenic signal are not the cells that release virus.
The mitogens used here are known to affect different cell populations (17, 18) , which may explain their differential inducing capacities. Recently, we confirmed this hypothesis, finding that induction depends on the presence of B-cells (bone-marrow-derived) (unpublished results).
In the experiments reported here, we observed differences between the high leukemia strain AKR and the low leukemia strain BALB/c. As expected, unstimulated AKR cells, but not BALB/c cells, released virus. A potentiation of virus release was found with LPS in AKR, but in contrast to BALB/c, no further increase occurred by combined treatment with BrdU. Rather, BrdU was inhibitory for AKR virus release and accordingly, in contrast to BALB/c, no virus was induced by Con A/BrdU. We have no explanation for these differences. In both strains, PHA and Con A given alone had no effect.
